Introduction
Motor vehicle crashes are a leading cause of death among children in the United States (1) (2) (3) . In 2013, 638 children aged ≤12 years died as passengers in a motor vehicle crash (of these 38% were known to be unrestrained) (4) , and approximately 127,266 were injured (1) . Thousands of children are not restrained while riding in motor vehicles (3) . Research shows that age-and size-appropriate child restraint use is the most effective method for reducing child passenger injuries and deaths in the event of a crash. Car seat use reduces the risk for death among infants (i.e., children aged <1 year) by 71% and among toddlers (aged 1-4 years) by 54% in passenger vehicles (5, 6) . Booster seat use reduces the risk for serious injury by 45% among children aged 4-8 years when compared with seat belt use alone (7) . For older children and adults, seat belt use reduces the risk for death and serious injury by approximately half (8) . On the basis of this evidence, CDC (2, 3) , the National Highway Traffic Safety Administration (NHTSA) (9) , and the American Academy of Pediatrics (AAP) (10,11) recommend using age-and size-appropriate child restraints (including car seats and booster seats) until adult seat belts fit properly. Adult seat belts fit properly when the lap belt lays across the upper thighs, not the abdomen, and the shoulder belt lays across the shoulder and chest, not the neck or face (3) . In addition, all children aged ≤12 years should be properly restrained in a back seat for optimal protection.
Because of the lack of a multistate crash database, more is known about children who die in motor vehicle crashes than about those who are injured. As directed by Congress, NHTSA created the Crash Outcome Data Evaluation System (CODES) in 1991 to estimate the effectiveness of seat belts and motorcycle helmets at reducing injuries associated with motor vehicle crashes; over time, CODES grew to study all aspects of crashes. The purpose of CODES is to gain an understanding of motor vehicle crash injuries through probabilistic linkage of crash and health care data (12) . CODES provides a rich source of data by joining information from the transportation and health sectors. Specifically, transportation data generally lacks information on health outcomes (i.e., types and severities of injuries), and health data generally lack information on risk factors (i.e., restraint use). Together, transportation and health data provide a more complete picture of the crash, injury risk and protective factors, and resulting health outcomes and costs.
The combined transportation and health data available through CODES allowed additional exploration of the use of car seats, booster seats, and seat belts among children involved in crashes and their resulting health outcomes and medical charges. Age-and size-appropriate use of car seats, booster seats, and seat belts by children is effective at reducing injuries and deaths; however, these restraints are not always properly used. This report summarizes 2005-2008 CODES data to describe the pattern of motor vehicle crashes, medical outcomes, and hospital charges among children aged 1-12 years by type of restraint and seating position. The findings in this report can be used by states and communities, health care providers, parents and caregivers, and decision makers to improve child passenger safety through the use of effective interventions that in turn will prevent a leading cause of death among children, motor vehicle crash injuries.
Methods

Data Source and Database Creation
To describe characteristics of restraint use and seating position of child passengers aged 1-12 years who were involved in motor vehicle crashes and to examine how restraint use among children is associated with various crash characteristics, injuries and medical outcomes, and hospital charges, 2005-2008 CODES data were analyzed from 11 states (Connecticut, Georgia, Kentucky, Maryland, Minnesota, Missouri, Nebraska, New York, Ohio, South Carolina, and Utah). The CODES Data Network is a multistate program that was facilitated by NHTSA to probabilistically link motor vehicle crash databases (i.e., police crash reports) and hospital databases for traffic safety analyses. Probabilistic linkage uses personal and event information common to a pair of records to estimate the probability that a specific police crash report and hospital record describe the same person and event. Linking information might include names, date of birth, sex, date and time of crash and of hospital treatment, crash and hospital location, and the roles of persons and vehicle types involved. Because certain variables match between data sets and others do not, possibly because of missing or incorrect data, this method was extended in CODES to use multiple imputation of missing links and data. A more complete discussion of probabilistic linkage is described elsewhere (13) (14) (15) . Individual CODES analysts were responsible for linking data from their own state police crash and hospital files. CODES analysts have extensive training with probabilistic linkage and use the same probabilistic linkage software, CODES2000 (16) .
To combine all state data sets into a single analytical database, each state's police crash reports and hospital files were mapped onto a standardized set of data elements known as the general use model (GUM). GUM, developed through a joint effort between CODES and the NHTSA state data system, provides a standardized set of data elements routinely collected on police crash reports (17, 18) .
GUM contains 50 crash variables and 18 medical outcomes. The crash variables include information about the time, location, and circumstances of the crash; vehicles involved and vehicle characteristics; and injured and uninjured persons involved in the crash as reported by law enforcement. Medical outcomes (e.g., extremity fracture, treated and released, and hospitalization) were derived from emergency department and hospital discharge databases and include billing information related to the visit, such as billed charges, length of stay, and discharge status. Missing values were imputed for all variables using sequences of regression models implemented using statistical software (19, 20) .
Inclusion Criteria
GUM data from 11 CODES states (Connecticut, Georgia, Kentucky, Maryland, Minnesota, Missouri, Nebraska, New York, Ohio, South Carolina, and Utah) for the crash years [2005] [2006] [2007] [2008] were included in the analysis; 2008 is the most recent year for which GUM data are available. Child passengers aged 1-12 years riding in passenger vehicles or light trucks involved in crashes occurring on public roadways were included. Abnormal distribution of age 0 years suggests some states used 0 years to represent an unknown age. Therefore, age 0 designation data were excluded. Passenger vehicles and light trucks include sedans, station wagons, pickup trucks, sport utility vehicles, and passenger vans or minivans. The final sample consisted of 417,651 crashes involving 634,238 children aged 1-12 years in passenger vehicles in the 11 CODES states during [2005] [2006] [2007] [2008] .
Variables and Measures
Demographic information was collected both for the child passengers and their drivers. Driver age was classified as ≤20, 21-29, 30-39, 40-49, 50-59, and ≥60 years. Child passenger age was reported both as a continuous and categorical variable, with age groups defined as 1-3, 4-7, and 8-12 years. These age groups were selected on the basis of child passenger restraint use and seating position recommendations during [2005] [2006] [2007] [2008] . Race/ethnicity was not collected in most of the CODES states' crash reports; therefore, race/ethnicity data were not included in the analysis.
Information on the police crash report was collected, including driver's restraint use (restrained or unrestrained), suspicion of alcohol/drug use (suspected or not suspected), driver distraction (distracted or not distracted), whether the crash was speed related (speed related or not speed related), the time of the crash (day, 6:00 am-8:59 pm, or night, 9:00 pm-5:59 am), the location of the crash (urban [ Restraint status was defined as optimal, suboptimal, or unrestrained. Because of the way in which the data were collected, optimal restraint use was defined as car seat or booster seat use for children aged 1-7 years and seat belt use for children aged 8-12 years. Suboptimal restraint use was defined as seat belt use for children aged 1-7 years. Although CDC recommends that children use a car seat until at least age 5 years and a booster seat until adult seat belts fit properly (2, 3) , GUM data on specific types of seats were not reliable; therefore, car seat and booster seat use were combined and classified as optimal restraint use for analyses (Box). CDC also recommends booster seat use among children aged 8-12 years until the adult seat belt fits properly (2, 3) . However, because GUM defined restraint use as either a seat belt or unrestrained for children aged 8-12 years, for the purposes of this report, no children aged 8-12 years could be classified as having used booster seats. Due to analytical constraints, the suboptimal case definition does not apply to children aged 8-12 years; therefore, no children in this age group could be classified as being suboptimally restrained. Children were classified as being unrestrained when no restraint use was reported (including no car seat, booster seat, or seat belt). Child seating position has three categories: front, back, and other (other compartment and vehicle exterior); however, only front and back (rows two through four) for all ages are reported. * Because of data constraints, data were categorized in broad age groups. CDC recommends rear-facing car seats for children from birth up to age 2 years (or until the child reaches the upper weight or height limit of their seat), forward-facing car seats for children aged 2 years up to at least age 5 (or until the child reaches the upper weight or height limit of their seat), and booster seats once a child outgrows their forward-facing car seat until seat belts fit properly. Adult seat belts fit properly when the lap belt lays low and snug across the upper thighs, not the abdomen, and the shoulder belt lays across the middle of the chest and shoulder, not the neck or face (available at http://www.cdc.gov/motorvehiclesafety/ child_passenger_safety/cps-factsheet.html). † Many children aged 8-12 years are not yet tall enough to obtain proper seat belt fit and would benefit from the continued use of a booster seat (11) . Consequences for seat belt use among children who are not tall enough to use a seat belt without a booster seat include more severe injuries and additional deaths (10, 11) . CDC recommends booster seats use until seat belts fit properly.
BOX. Child restraint use classifications
Crash variables reported in this study included driver airbag deployment (deployed, not deployed, or deployment not applicable); the first harmful event (noncollision [e.g., roll-over incident], motor vehicle in transport, crash with nonfixed object, or crash with fixed object); initial impact point on the occupant's vehicle (front of vehicle, rear of vehicle, driver's side, passenger's side, other, or noncollision); and police-reported injury severity (fatal injury, incapacitating injury, nonincapacitating injury, possible injury, no injury, or injury with unknown severity). Injury severities were defined according to the Model Minimum Uniform Crash Criteria (MMUCC). A fatal injury was defined as an injury that resulted in death within 30 days after the crash. An incapacitating injury was defined as any injury, other than a fatal injury, that prevented the injured person from walking, driving, or normally continuing the activities the person was able to perform before the injury. This is often defined in practice as needing help from the scene. A nonincapacitating injury was defined as an injury (other than a fatal injury or an incapacitating injury) that was evident to observers at the scene of the crash in which the injury occurred. Examples of nonincapacitating injuries include contusions (bruises), lacerations, or a bloody nose. A possible injury was defined as a report of pain without visible injury.
Health variables reported in this analysis include the level of care (not treated at a hospital [e.g., did not link to a hospital record], emergency department visit, admitted to a hospital, or died), hospital discharge status, and total charges combined across all linked hospital records. Data on body regions injured and type of injury also were reported for child passengers. For child passengers, the most common body regions injured and types of injury were considered for analyses on the basis of specificity of injury (i.e., with "other" not being considered a specific injury) and clinical significance. The body regions included were head and neck, which includes head, face, and neck and traumatic brain injuries (TBIs); extremity; torso; vertebral column; systemwide (details available at http://www.cdc.gov/nchs/injury/ice/barell_matrix.htm); and spinal column. The types of injury included were contusion/ superficial injury, open wounds, fracture, sprains and strains, and internal injuries. Hospital charges in 2008 dollars for child passengers also were collected. Median and 90th percentile hospital charges were calculated for child passengers by restraint use, seating position, and age.
Analysis
Numbers and percentages were used to describe drivers and child passengers involved in motor vehicle crashes and to summarize crash characteristics, injured body region, nature of injury, medical outcome, and hospital charges according to child restraint use, seating position, and age. Because children can have multiple injuries, they can be represented in multiple categories for body region and type of injury. Medians and 90th percentiles were used to compare hospital charges by child restraint use, seating position, and age. Odds ratios, determined by using single variable logistic regression, and 95% confidence intervals (CIs) were used to compare a passenger's likelihood of sustaining specific types of injuries by restraint levels (optimal, suboptimal, or unrestrained) and age group. Findings were statistically significant at a p value of <0.05. All analyses were conducted using statistical software (20) . The institutional review boards of the University of Utah and CDC approved this study.
Results
Characteristics of Children
During 2005-2008, a total of 634,238 children aged 1-12 years were involved in a motor vehicle crash in 11 CODES states. Of these children, 50.4% were boys and 49.7% were girls. The proportion of children in the data set decreased with increasing age, from 10.6% for children aged 1 year to 7.7% for children aged 12 years.
Car Seat and Booster Seat Use and Seating Position
Among children aged 1-3 years, 79.9% were using a car seat or booster seat, 17.8% were using a seat belt, and 2.3% were unrestrained at the time of the crash. Among children aged 4-7 years, 35.9% were using a car seat or booster seat, 61.0% were using a seat belt, and 3.1% were unrestrained at the time of the crash. Among children aged 8-12 years, 96.4% were restrained and 3.6% were unrestrained.
The majority of children were sitting in a back seat at the time of the crash; however, this proportion decreased as the child's age increased. For instance, 93.0% of children aged 1-3 years, 86.3% of children aged 4-7, and 67.2% of children aged 8-12 years were sitting in a back seat at the time of the crash (Table 1) .
A higher percentage of children who were optimally restrained also were sitting in a back seat (Table 2) . A significant decrease occurred among children who were optimally restrained and sitting in the back seat from age 7 years (94.7%) to age 8 years (77.4%); only 54.7% of restrained children aged 12 years were sitting in a back seat. Among the children who were unrestrained, 25.0%-32.3% of children aged 8-12 years were in the front seat, with the percentage varying by age.
Characteristics of Drivers
A higher percentage of female drivers (72.7%) had optimally restrained children than male drivers (69.5%). Male drivers also were more likely to have unrestrained child passengers (3.9%) than female drivers (2.6%). Drivers aged ≤20 years had the highest percentage of unrestrained child passengers (5.8%), followed by drivers aged 50-59 years (3.8%) and aged ≥60 years (3.5%). The youngest and oldest drivers also had the highest percentage of children riding in a front seat (Table 3) .
Drivers with risky driving behaviors (as reported on the crash report), including those who were driving unrestrained, driving with suspected alcohol or drug use, driving while distracted, or in a speed-related crash, had a higher percentage of unrestrained child passengers. Among the children riding with unrestrained drivers, 41.3% of children also were unrestrained, compared with 2.2% among the restrained drivers. In addition, 29.2% of the children riding with unrestrained drivers were in the front seat, compared with 18.8% of children riding with restrained drivers. Drivers suspected of alcohol or drug use that was a contributing factor to the crash had a higher percentage of unrestrained child passengers (16.4%) and child passengers riding in a front seat (32.1%) compared with drivers not suspected of alcohol or drug use (2.9% unrestrained; 19.1% front seat). Drivers who were distracted or in a speed-related crash also had a lower percentage of optimally restrained children, a higher percentage of unrestrained children, and a higher percentage of children riding in the front seat compared with drivers who were not distracted and did not have a speedrelated crash (Table 3) .
A higher percentage (71.9%) of children were optimally restrained during daytime crashes (6:00 a.m.-8:59 p.m.) than during night-time crashes (67.5%; 9:00 p.m.-5:59 a.m.) (Tables 3-10 ). In addition, a higher percentage of children were unrestrained during night-time crashes (5.5%) compared with daytime crashes (2.9%). Crashes that occurred in urban locations had a slightly lower percentage of optimally restrained children (71.8%) but a lower percentage of unrestrained children (2.9%) and a lower percentage of children riding in a front seat (17.5%) than crashes that occurred in rural locations (73.0%, 4.2%, and 19.2%, respectively). A higher percentage of children riding in newer vehicles (2002 or later) when they crashed were optimally restrained (75.9%), and a lower percentage were unrestrained (1.9%) compared with children riding in older vehicles (70.5% and 3.8%, respectively).
Body Region Injured
Head, face, or neck injuries were the most prevalent body region injured among children aged 1-3 years and 4-7 years, followed by extremity injuries. Extremity injuries were the most prevalent among children aged 8-12 years, followed by head, face, or neck injuries. Regardless of age group, unrestrained children had the highest percentage of injuries for each body region. Children optimally and suboptimally restrained had minor differences in body region injured, by age group (Table 11) (Table 12) .
Unrestrained children had approximately 7 times the percentage of TBIs compared with either optimally or suboptimally restrained children. For example, 0.2% of children aged 4-7 years who were optimally restrained and 0.3% of children who were suboptimally restrained experienced a TBI, compared with 2.2% of unrestrained children of the same age (Table 11 ). In all but one instance, children sitting in a back seat had an equal or lower percentage of injuries by body region compared with children sitting in a front seat (Table 11 ).
Type of Injury
Contusions and other superficial injuries were the most prevalent type of injury regardless of age (Table 13 ) ( Table 14) . The second most common type of injury among children aged 1-3 years and 4-7 years was open wounds and among children aged 8-12 years was sprains and strains (Table 13) . Suboptimally restrained children aged 4-7 years reported higher percentages for each nature of injury as compared with their optimally restrained counterparts. For example, 4.5% of suboptimally restrained children had a contusion or other superficial injury compared with 3.7% of optimally restrained children (Table 13) . Regardless of age, unrestrained children had the highest percentage of each type of injury (Table 13 ) ( Table 14) .
Odds of Injury
Children aged 1-3 years who were optimally restrained (i.e., in a car seat or booster seat) were less likely to have neck, back, or abdominal injuries (odd ratio [OR] = 0.37; 95% CI = 0.32-0.41); to have a TBI (OR = 0.13; 95% CI = 0.10-0.17); or to be hospitalized (OR = 0.41; 95% CI = 0.38-0.45) than children aged 1-3 years who were unrestrained (Table 15) (Table 16 ). Children aged 1-3 years who were riding in a back seat were less likely to have neck, back, or abdominal injuries (OR = 0.83; 95% CI = 0.75, 0.92) or a TBI (OR = 0.65; 95% CI = 0.48-0.88) than children aged 1-3 years riding in a front seat.
For children aged 4-7 years, being optimally restrained (car seat or booster seat) reduced the odds of neck, back, or abdominal injuries when compared with being suboptimally restrained (seat belt) (OR = 0.81; 95% CI = 0.77-0.84); the odds were reduced even further when compared with being unrestrained (OR = 0.28; 95% CI = 0.25-0.3) (Table 15 ) (Table 16 ). Children aged 4-7 years who were suboptimally restrained with a seat belt also had a lower odds of neck, back, or abdominal injuries than children who were unrestrained (OR = 0.35; 95% CI 0.32-0.38).
These trends were similar for TBIs among children aged 4-7 years. Specifically, children aged 4-7 years who were optimally restrained had significantly lower odds of a TBI than children who were suboptimally restrained (OR = 0.79; 95% CI = 0.66-0.95) or unrestrained (OR = 0.10; 95% CI = 0.08-0.12, respectively) ( Table 15 ) (Table 16 ). Children aged 4-7 years who were optimally restrained also had the lowest odds of being hospitalized, followed by those who were suboptimally restrained. In addition, sitting in a back seat compared with the front decreased the odds for neck, back, or abdominal injuries; TBIs; and hospitalization among children aged 4-7 years.
Children aged 8-12 years who were restrained had much lower odds of having neck, back, or abdominal injuries; having TBIs; and being hospitalized than their unrestrained counterparts. Sitting in a back seat was also protective among children aged 8-12 years when compared with sitting in the front seat. Children aged 8-12 years who were restrained in the back seat versus restrained in the front seat were less likely to have neck, back, or abdominal injuries (OR = 0.84; 95% CI = 0.81-0.87); to have a TBI (OR = 0.83; 95% CI = 0.71-0.97); or to be hospitalized (OR = 0.90; 95% CI = 0.87-0.92) (Table 15 ) (Table 16 ).
Hospital Charges
Among all age groups, the median (Table 17) (Table 18 ) and 90th percentile (Table 19) (Table 20) hospital charges in 2008 dollars for all charges incurred during motor vehicle crashes increased from optimal to suboptimal to unrestrained and from back to front seating position. For example, the median hospital charges for children aged 4-7 years were $369.18 for those optimally restrained, $422.15 for those suboptimally restrained, and $619.00 for those unrestrained; the charges were $404.94 for those in a back seat and $472.32 for those in a front seat. The 90th percentile hospital charges for children aged 4-7 years who were in motor vehicle crashes were $1,630.00 and $1,958.00 for those optimally restrained in a back seat and front seat, respectively; $2,035.91and $3,696.00 for those suboptimally restrained in a back seat and front seat, respectively; and $9,956.60 and $11,143.85 for those unrestrained in a back seat and front seat, respectively.
Discussion
This multistate, multiyear analysis provides linked data that highlight differences in the frequencies and odds of various injuries, medical outcomes, and charges among children by age, restraint type, and seating position. The number and percentage of children involved in a crash who were suboptimally restrained (approximately 160,800 children aged 1-7 years), unrestrained (approximately 20,000 children aged 1-12 years), or seated in a front seat instead of a back seat (approximately 119,000 children aged 1-12 years) indicate that many child passengers are at risk and that their safety can be substantially improved.
Parents and caregivers are the first line of defense for children in a crash; therefore, strategies for improving child passenger safety should focus on helping parents and caregivers learn how to properly buckle their children in age-and size-appropriate car seats, booster seats, and seat belts in the back seat on every trip. Findings from this study further confirmed that parents often prematurely transition children to the next, less protective, stage of child passenger restraint and that overall restraint use decreases as age increases. With every transition to the next stage of restraint (e.g., rear-facing seat to forwardfacing seat, forward-facing seat to booster seat, and from booster seat to seat belt), children are less protected in a crash. For instance, this study examined the difference between seat belt use and car seat or booster seat use among children aged 4-7 years, children who, based on growth charts, should all be restrained in car seats or booster seats. The use of a car seat or booster seat among children aged 4-7 years reduced the risk for neck, back, or abdominal injuries; traumatic brain injuries; and hospitalization compared with seat belt use alone. This demonstrates that keeping children in age-and size-appropriate car seats and booster seats improves child passenger safety and supports current child passenger safety recommendations.
Several effective strategies can be used to help parents and caregivers improve child passenger safety. They include child passenger restraint laws that require car seat or booster seat use for children through age 8 years, car seat and booster seat giveaways and seat loaner programs that include education for parents or caregivers, and increasing the number of certified Child Passenger Safety Technicians (2,3). These certified technicians provide free, one-on-one, personalized instruction on how to properly install and use car seats and booster seats (information available at http://cert.safekids.org). Child passenger restraint laws that reflect the best available science can help protect the greatest number of children and increase car seat and booster seat use, which in turn reduce motor vehicle injuries and deaths. For example, a study of five states that increased the age requirement to age 7 or 8 years for car seat and booster seat use found that the rate of children using car seats and booster seats increased nearly three times and the rate of children who died or had incapacitating injuries decreased by 17% (21) . In addition, the Community Preventive Services Task Force (The Guide to Community Preventive Services, or The Community Guide) also recommends car seat and booster seat laws, as well as distribution plus education programs for car seat and booster seats based on strong evidence of their effectiveness for increasing restraint use and decreasing injuries and deaths among child passengers (22). Distribution plus education programs also are recommended in a more recent review for increasing restraint use (23).
Decreasing risky driving behaviors, such as seat belt nonuse and alcohol-impaired driving, also might help protect child passengers. In this study, drivers who engaged in risky driving behaviors, including driving unrestrained, driving with suspected alcohol or drug use, and involvement in speed-or distracted-related crashes, all had higher percentages of unrestrained child passengers and child passengers in the front seat at the time of the crash. Enforcement and implementation of effective interventions intended for adults to increase restraint use and prevent impaired driving, distracted driving, and speeding can reduce the risk of motor vehicle crashes (24, 25) and in turn also might reduce the risk for injury to child passengers. An estimated one in five child passenger deaths involve an alcohol-impaired driver (8), and typically the child's driver is the person who is impaired (8, 26) . Effective strategies for decreasing alcohol-impaired driving include sobriety checkpoints, requiring ignition interlocks for all convicted alcohol-impaired driving offenders, 0.08% blood alcohol concentration (BAC) laws, maintaining current minimum legal driving age laws, and zero tolerance BAC laws (24).
Limitations
The findings in this report are subject to at least two limitations. First, distinguishing whether children were riding buckled in a car seat or a booster seat was not possible. In addition, determining whether children aged 8-12 years were buckled in a booster seat was not possible because GUM defined restraint use as either a seat belt or unrestrained for children aged 8-12 years. Many children aged 8-12 years are not yet tall enough for a seat belt to fit properly and therefore would benefit from the continued use of a booster seat (11) . Consequences for seat belt use among children who are not tall enough to use a seat belt without a booster seat include more severe injuries and additional deaths (10, 11) ; therefore, prevalence of booster seat use among children in crashes and the difference in medical outcomes and charges is an important issue that could not be assessed in this study. Observational 2013 data on restraint use among children aged ≤12 years show that 32% of children who were 37-53 inches tall and 73% of children who were 54-56 inches tall were prematurely graduated to seat belt use without a booster seat (27). This demonstrates the potential for injury prevention through continued booster seat use until adult seat belts fit properly. Second, certain data were missing. Frequently, analyses using databases with missing data simply exclude cases that are missing one or more analytical variables. Although the rate for individual missing values of variables might be small, the cumulative effect of missing data can result in a large number of records being excluded from an analysis of multiple variables. For this reason, missing data were imputed both in the crash and hospital databases. A separate imputation model was built for each state's data using chained regression models as implemented in the statistical software used. The predistribution and postdistribution of analytical variables were compared to verify consistency. The uncertainty added by multiple imputation can lead to inflated standard errors. However, the resulting increase in sample size by including all observations in the analysis often offsets this increase and results in lower measures of variability.
Conclusion
Linked crash and medical data were used to provide a more complete picture of motor vehicle crashes and their medical costs and outcomes. A 2014 CDC study showed that for every motor vehicle passenger killed in a crash in 2012, eight were hospitalized, and 100 were treated and released from the emergency department (28). Nonfatal crash injuries occur frequently, resulting in substantial costs to individuals, families, employers, and society (28). The Moving Ahead for Progress in the 21st Century Act recognizes the goal of reducing injuries and deaths and requires states to monitor and report on serious crash injuries, in addition to deaths (29). Comprehensive data, which can be achieved through data linkage, will improve the ability of government, employers, and health and traffic safety organizations to understand and prevent motor vehicle crash injuries including among child passengers. CDC and NHTSA have evaluated 25 state data linkage programs and provide information that states can use to start or improve their data linkage efforts (30).
Continued linkage between police report data on motor vehicle crashes and the associated medical data is needed to allow states, communities, and researchers to better understand motor vehicle crashes, as well as their risk and protective factors and resulting medical outcomes and costs. These data provide additional information about motor vehicle-related injuries that do not result in death but still have a significant impact on public health and medical and societal costs.
This study uses linked data and reinforces the knowledge that proper car seat, booster seat, and seat belt use among children prevents injuries, including head, neck, and abdominal injuries and TBIs, decreases deaths, and reduces hospital charges. However, the number, severity, and cost of injuries among children in crashes who were not optimally restrained or who were not seated in a back seat indicates the need for improvement in proper use of age-and size-appropriate car seats, booster seats, and seat belts in the back seat.
Although strategies to prevent injuries and deaths among child passengers in motor vehicle crashes are well established, they are not universally implemented (2, 3) . Through the implementation of effective interventions (2,3,24,25) health care providers, parents and caregivers, and states and communities can do more to help keep child passengers safe and prevent a leading cause of death among children. 
